Background Melanoma incidence has increased in recent decades in the U.S.A. Uncertainty remains regarding how much of this increase is attributable to greater melanoma screening activities, potential detection bias and overdiagnosis. Objectives To use a cross-sectional ecological analysis to evaluate the relationship between skin biopsy and melanoma incidence rates over a more recent time period than prior reports. Methods Examination of the association of biopsy rates and melanoma incidence (invasive and in situ) in SEER-Medicare data (including 10 states) for [2002][2003][2004][2005][2006][2007][2008][2009]. Results The skin biopsy rate increased by approximately 50% (6% per year) throughout this 8-year period, from 7012 biopsies per 100 000 persons in 2002 to 10 528 biopsies per 100 000 persons in 2009. The overall melanoma incidence rate increased approximately 4% (< 1% per year) over the same time period. The incidence of melanoma in situ increased approximately 10% (1% per year), while the incidence of invasive melanoma increased from 2002 to 2005 then decreased from 2006 to 2009. Regression models estimated that, on average, for every 1000 skin biopsies performed, an additional 5Á2 (95% confidence interval 4Á1-6Á3) cases of melanoma in situ were diagnosed and 8Á1 (95% confidence interval 6Á7-9Á5) cases of invasive melanoma were diagnosed. When considering individual states, some demonstrated a positive association between biopsy rate and invasive melanoma incidence, others an inverse association, and still others a more complex pattern. Conclusions Increased skin biopsies over time are associated with increased diagnosis of in situ melanoma, but the association with invasive melanoma is more complex.
Summary
Background Melanoma incidence has increased in recent decades in the U.S.A. Uncertainty remains regarding how much of this increase is attributable to greater melanoma screening activities, potential detection bias and overdiagnosis. Objectives To use a cross-sectional ecological analysis to evaluate the relationship between skin biopsy and melanoma incidence rates over a more recent time period than prior reports. Methods Examination of the association of biopsy rates and melanoma incidence (invasive and in situ) in SEER-Medicare data (including 10 states) for [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . Results The skin biopsy rate increased by approximately 50% (6% per year) throughout this 8-year period, from 7012 biopsies per 100 000 persons in 2002 to 10 528 biopsies per 100 000 persons in 2009. The overall melanoma incidence rate increased approximately 4% (< 1% per year) over the same time period. The incidence of melanoma in situ increased approximately 10% (1% per year), while the incidence of invasive melanoma increased from 2002 to 2005 then decreased from 2006 to 2009. Regression models estimated that, on average, for every 1000 skin biopsies performed, an additional 5Á2 (95% confidence interval 4Á1-6Á3) cases of melanoma in situ were diagnosed and 8Á1 (95% confidence interval 6Á7-9Á5) cases of invasive melanoma were diagnosed. When considering individual states, some demonstrated a positive association between biopsy rate and invasive melanoma incidence, others an inverse association, and still others a more complex pattern. Conclusions Increased skin biopsies over time are associated with increased diagnosis of in situ melanoma, but the association with invasive melanoma is more complex.
What's already known about this topic?
• The persistence of stable melanoma mortality in light of increasing melanoma incidence has raised concerns that the latter may be due to 'overdiagnosis'.
• The ecological association between skin biopsy rates and melanoma incidence was observed for 1986-2001 but has not been examined for more recent years, resulting in important knowledge gaps.
What does this study add?
• We find that the association between skin biopsy rates and melanoma incidence, suggestive of overdiagnosis, persists for melanoma in situ but not invasive melanoma for 2002-2009.
Melanoma incidence continues to increase in the U.S.A., despite declines observed for many other cancer types. While the recent introduction of novel immunological and targeted therapies has substantially advanced treatment options for latestage melanoma, currently available population-based data indicate that melanoma-related mortality has remained relatively stable over the past several decades. 1 The persistence of stable disease-related mortality in light of increasing melanoma incidence has raised concerns that the latter may be an epidemiological artefact reflecting potential disease 'overdiagnosis', rather than true increases in incidence of melanomas having malignant potential. Overdiagnosis may result from increased detection of otherwise biologically benign lesions that portend no additional mortality risk, a concept that is well described for other cancer sites, including prostate, thyroid, lung and breast, 2 or from selective diagnosis of indolent disease. Whether due to effects of length-time or lead-time bias, or to misidentification of mimics as true disease, increased screening may lead to greater detection of disease without appreciably influencing diseasespecific morbidity or mortality. Indeed, under some circumstances morbidity may increase. For example, in the specific case of thyroid cancer screening in South Korea, the thyroid cancer 'epidemic' followed from the intuitive appeal of screening aided by an emergent business structure comprising fee-for-service physician reimbursement, government payment of costs, and advanced imaging and robotic technologies. Despite detection of many more cases of incident thyroid cancer and considerable utilization of resources, this screening effort resulted in greater treatment-related morbidity without lowering cancer-related mortality. 3 The possibility of melanoma overdiagnosis is supported by prior research among Medicare beneficiaries aged ≥ 65 years within the Surveillance, Epidemiology, and End Results (SEER) registry system in an earlier time period. From 1986 to 2001, skin biopsy rates increased approximately 154% (approximately 10% per year) within this patient group, paralleled by a 140% (approximately 9% per year) increase in overall melanoma incidence. 1 The US melanoma incidence increased from approximately eight cases per 100 000 persons in 1975 to 24 cases per 100 000 persons in 2010 -a nearly 200% increase -while melanoma-specific mortality rose by a much smaller 32%, from 2Á07 to 2Á74 deaths per 100 000 persons, over the same 35-year period. 4 Melanoma screening through skin biopsy utilization has been thus characterized as expanding 'the population of indolent tumors, with little or no effect on the small population of more aggressive tumors'. 5 Similarly, an analysis of SEER data over the time interval from 1988 to 2006 found that enhanced surveillance during that period resulted in no decline in the proportion of thick melanomas with unfavourable prognostic characteristics, but did correlate with a substantial increase in the incidence of melanomas in situ. 6 Other evaluations have noted increases in the incidence of both thick and thin melanomas, suggesting that overdiagnosis may not be a sufficient explanation. 7 However, the ecological association between skin biopsy rates and melanoma incidence has not been examined for more recent years, resulting in important knowledge gaps regarding the replicability and applicability of these findings for populations currently at risk for melanoma. Accordingly, we sought to evaluate the association between skin biopsy rates and melanoma incidence among the Medicare population over a more recent period. We hypothesized that a similar, positive association would be observed between skin biopsy rates and melanoma incidence. We also hypothesized that increased skin biopsies would be associated with greater detection of earlier-stage disease (i.e. melanoma in situ) compared with more advanced melanoma.
Patients and methods

Data source and study sample
We conducted a cross-sectional ecological study of Medicare physician claims (Part B) among fee-for-service (FFS) beneficiaries aged ≥ 65 years who were diagnosed with melanoma using the SEER-Medicare database. A majority of the US population aged > 65 years receives health insurance through the Medicare FFS programme. The SEER-Medicare database links high-fidelity patient-level SEER registry cancer information with patient-level administrative billing claims and is widely regarded as the premier source for cancer-related health services and epidemiological research in the U.S.A. 8, 9 Tumour registry data from California, Connecticut, Georgia, Hawaii, Iowa, Kentucky, Louisiana, New Jersey, New Mexico and Utah are included within the SEER-Medicare database. 10 Our study sample was comprised of two patient subpopulations. The first subpopulation consisted of patients aged ≥ 65 years diagnosed with incident melanoma from years 2002 through 2009. The second subpopulation was comprised of patients aged ≥ 65 years included within the SEERMedicare 5% sample of noncancer beneficiaries residing within SEER registry states over the same time period. Use of both subpopulations was necessary in order to capture both incident disease -which, by definition, occurred only in those patients diagnosed with cancer -and skin biopsy utilization among at-risk patients, namely those who may be subject to skin biopsy procedures but who have not yet been diagnosed with melanoma (or other malignancies).
Primary outcome, exposure and covariates of interest Our primary outcome was melanoma incidence, estimated per 100 000 Medicare Part B FFS beneficiaries. We used SEER registry data indicating the depth of tumour invasion to stratify this outcome into the following categories: (i) melanoma in situ; (ii) invasive melanoma ≤ 1 mm in depth; (iii) invasive melanoma > 1 mm in depth; and (iv) invasive melanoma any/unknown depth.
Our primary exposure of interest was the skin biopsy rate (per 100 000 Medicare Part B FFS beneficiaries, and for any indication, skin cancer or not). This was estimated for each SEER state, age group and sex, by counting the number of days on which beneficiaries within the noncancer 5% sample from SEER-Medicare underwent one or more skin biopsy procedures divided by the number of noncancer beneficiaries. Skin biopsy procedures were identified using billing claims for corresponding Healthcare Common Procedure Coding System and International Classification of Diseases, Ninth Revision codes. Additional covariates included patient age (categorized as 65 to < 75 years, 75 to < 85 years or ≥ 85 years), sex, SEER registry and year.
Statistical analyses
We calculated the baseline distribution of skin biopsy rates and unadjusted melanoma incidence rates (stratified by depth of invasion) by covariate across our study sample. Multivariable linear regression was used to evaluate the association between skin biopsy rates and melanoma incidence, adjusted for all other covariates. The unit of analysis for this analytical model was the SEER state in an individual year for a specific age group and sex, yielding 480 unique observations (10 states 9 8 years 9 3 age groups 9 2 sexes).
Recognizing that the magnitude of the effect of skin biopsy rates on melanoma incidence may vary by state and year, we included an interaction term for these covariates in the analysis. This allowed melanoma incidence to vary over time independently by SEER state. The risk-adjusted model was used to estimate the number of additional melanomas stratified by depth of invasion that would be diagnosed per 1000 skin biopsies. To address apparent changes in invasive melanoma in more recent years, we analysed associations both overall and in two 4- (Table 1) (Table 1) .
Results
Skin biopsy rates among
The overall association between melanoma incidence and skin biopsy rate when aggregated across all SEER states and years appeared positive based on the scatter plot of year-, state-, age-and sex-specific data points (Fig. 1) . However, associations varied when stratified by state ( Fig. 2 and Fig. S1 ; see Supporting Information). These included differences in the magnitude of associations (e.g. the 'shallow' slope observed for Kentucky vs. the 'steep' slopes observed for Iowa and Utah), inverse associations in certain states (e.g. Hawaii and New Jersey) and mixed associations in other states (e.g. California and Georgia).
Regression analyses indicated that, on average, for every 1000 skin biopsies performed among Medicare beneficiaries over the time period studied, an additional 5Á2 cases of melanoma in situ were diagnosed ( Table 2 (Table 2) .
Discussion
Our results, utilizing patient data from the 10 current SEER states over a more recent time period, confirm the association between skin biopsy utilization and incidence of melanoma in situ among Medicare beneficiaries, but reveal a more complex picture for the incidence of invasive melanoma. Concern over detection bias in melanoma diagnosis was raised by Welch et 2, 4 However, data from other studies suggest that the increase in melanoma incidence is not solely due to overdiagnosis, 7 generating substantial controversy both within and outside of the dermatological community. Our analytical approach was similar to that used by Welch et al., 1 but our findings suggest a more complex relationship between the number of skin biopsies and invasive melanoma than observed in their study, with the association changing over time. The heterogeneity of these relationships across states suggests that detection bias, as indicated by biopsy rate, is not a satisfactory explanation of the observed heterogeneity, nor do latitude, health insurance (all were covered by Medicare) or other surveillance programmes provide a ready explanation. Factors not documented in this report, including regional variations in diagnostic practices among pathologists, must be considered and evaluated. While randomized trials evaluating the impact of skin cancer screening programmes are lacking for melanoma, relevant data from two population-based studies have been published. In California, a large population of employees at Lawrence Livermore National Laboratories underwent medical screening by dermatologists, resulting in increased diagnosis of in situ melanoma together with a decrease in melanoma mortality. 11 In
Schleswig-Holstein, Germany, a year-long pilot project from 2003 to 2004 emphasizing screening for melanoma through publicity and public awareness campaigns, as well as financial incentives, was associated with a 53% increase in melanoma in women and a 26% increase in men, compared with 18% and 10% in Saarland, a comparator German state with a high-quality registry but no screening programme. The screening programme in Schleswig-Holstein was associated with an approximately 50% reduction in mortality, while neighbouring German states lacking the pilot project showed little change in 
Incidence rates by depth of invasion were estimated in a regression model that included biopsy rate, age group, sex, state, year and a state-by-year interactions term. a All coefficient P-values < 0Á001.
b Includes invasive melanoma of unknown thickness. c In situ and invasive melanoma.
melanoma-specific mortality. 12 Also, melanoma-specific mortality increased in Schleswig-Holstein following discontinuation of the pilot programme, returning to the national German average of approximately 2Á4 deaths per 100 000 persons. The apparent success of the Schleswig-Holstein pilot programme prompted Germany to implement nationwide skin cancer screening in 2008 with the hope of decreasing overall melanoma-specific mortality. However, following the introduction of this national skin cancer screening initiative, no detectable decrease in melanoma-related mortality has yet been observed across the entire German population, despite an initial 30% increase in melanoma incidence resulting from more prevalent screening. 13 Recently, some have suggested that the decline in melanoma mortality could be explained by cancer registry misclassification of actual melanoma deaths as deaths from other causes by use of erroneous codes under the rubric of the 10th revision of the International Statistical Classification of Diseases and Related Health Problems. 14 These data remain controversial, and illustrate some of the complexities pertaining to melanoma screening including multifactorial patient-, physician-and health-system-related characteristics and artefactual effects that are neither readily predictable nor easily analysed. Our study has limitations. It is ecological by design, and our regression models -while suggestive -do not prove that a causal relationship exists between population-based skin biopsy rates and melanoma overdiagnosis. We were unable to distinguish biopsies involving melanocytic skin lesions from biopsies involving other conditions affecting the skin. We were also unable to adjust for all known confounders, which may otherwise bias our estimates. In addition, our study was restricted to patients enrolled in the Medicare Part B FFS system, and our results may not be generalizable to patients enrolled in Medicare Part C (managed care), private/commercial insurance programmes or those who are uninsured. Our regression modelling may be criticized for the structure of the data points (48 distinct but not independent points per state), which may obscure time trends in the face of strong geographical trends. Finally, these results may not be generalizable to populations outside of the U.S.A., which may vary in health system structure and access, environmental risk factors and genetic susceptibilities.
Our data are consistent with the possibility that public health efforts directed towards early detection of melanoma may contribute to melanoma overdiagnosis, particularly with regards to in situ disease. However, it is also possible that increased biopsies are driven, in part, by underlying increases in melanoma incidence rates. Additional research is needed to clarify further the relationship between melanoma screening, incidence and mortality. Meanwhile, the relationship between increasing biopsy rates and increasing melanoma incidence rates must be interpreted cautiously. It is notable that the incidence rate of invasive melanoma did not continue to increase between 2005 and 2009, while the rate of skin biopsies did continue to increase, suggesting that the relationship between biopsy rates and melanoma rates is not fully understood. Overdiagnosis of other cancers such as breast, prostate and thyroid cancers has been reported, with efforts underway to reduce unnecessary cancer-related screening, surveillance and other medical interventions. Similarly, we believe that continued collaborative efforts are needed to advance further the dermatological community towards optimized care delivery for all patients at risk for melanoma.
